
Currently the radioactive water of the nuclear pools is treated with a 
system of demineralising filters made from ion-exchange resins 
whose goal is to retain the dissolved substances and those in 
suspension that can be found in the water, such fission and corrosion 
products, etc. so that the water is much clearer and the radioactivity 
in the area surrounding the pools is significantly lower. As time 
passes, the life expectancy of the resins is lowered and it is necessary 
to store them in drums and to treat them as radioactive waste. The 
new bioremediation procedure, however, retains the nucleotides 
found in the radioactive water before they reach the resin of the 
demineralising filters, and as a result, increase their life expectancy, 
thus reducing the volume of radioactive material to be managed.  

In this patented procedure, the radioactive water from the nuclear 
pools under treatment, goes through a bioreactor (Figures 1 and 2) 
that contains a metallic material, such as titanium or stainless steel, 
wound into a ball, or any other material that is non-corrosive or non-
degradable in this environment and can be colonised by the 
microorganisms that exist in this type of water. As it goes through the 
bioreactor, the radioactive water to be treated comes into contact 
with the material of the ball placed inside, thus forming a biofilm 
(Figures 3, 4, and 5) that retains the radionuclides. The water then 
goes out from the opposite end of the continuous-flow entrance 
and, before going back into the pool, it goes through a system of 
demineralising filters. 

Biofilms developed on the balls were analyzed by scanning electron 
microscopy and epifluorescence microscopy. DNA was extracted 
from the biofilms, was cloned and the microorganisms were 
identified by sequencing. The identified radioresistant organisms 
belong to the phylogenetic groups Alpha-proteobacteria, Gamma-
proteobacteria, Actinobacteria, Deinococcus-Thermus and 
Bacteroidetes. These microorganisms are capable of retaining the 
radioisotopes present in the water of the pools by one or more of 
the following mechanisms: bioadsorption, bioabsorption, 
bioaccumulation, biosolubility, bioprecipitation. 

By gamma spectrometry we also determined that biofilms have 
essentially retained activation radionuclides. Sometimes the sum of 
Co-60 and Mn-54 reached 98%. Cr-51, Co-58, Fe-59 Zn-65 and Zr-95 
have also been retained by the developed biofilms.  

It has been assessed that the scalable process can be economically 
profitable.  
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Abstract 
A completely innovative bioremediation procedure has been invented to concentrate and eliminate radionuclides from the radioactive water of 
nuclear pools. This method is based on the capacity of microorganisms to retain radionuclides when they are growing by forming biofilms on the 
colonized surfaces. Preferably the bioremediation is performed before the water is passed through demineralizing filters to prolong the life of such 
filters. As a result, there is less radioactive waste to be managed, thereby increasing the profitability of the method. 

TECHNOLOGICAL SECTOR TO WHICH THE INVENTION RELATES 
Nuclear power industry and management of radioactive water 
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Main features of the invention 

Fig. 4. Biofilm developed on 
titanium balls after 97 days 
immersion. 

Fig. 3. Biofilm developed on 
stainless steel balls after 186 days 
immersion. 

Fig. 5. Biofilm of Pedomicrobium sp. 
on titanium balls at 218 days 
immersion. 

Fig. 2. Top view of the 
bioreactor made of stainless 
steel . 

Fig. 1. Cross-section of 
bioreactor. 


